The aim of this study was to characterize the reproductive cycle of Anomalocardia brasiliana, typical of the estuarine region of the Cachoeira River, Ilhéus, Bahia, Brazil. For this purpose, 20 specimens were collected biweekly between August 2005 and August 2006 on an intertidal bank (14° 48' 23" S and 39° 02' 47" W). The animals were measured on the anteroposterior axis (length), examined macroscopically and removed from the shell and fixed in Davidson's solution. Subsequently, the tissues were impregnated in paraffin, cut into 7 mm sections and stained with Harris hematoxylin and eosin (HE). The slides were examined under a light microscope. The water temperature at the site ranged from 24 to 30.5 °C (mean: 27.4 °C; SD ± 1.9), salinity from zero to 23 (mean: 13.7; SD ± 7.5) and rainfall from 28.3 mm to 248.8 mm monthly (yearly mean: 130 mm). The sample (n = 478) showed a sex ratio (M: F) of 1: 1.2 (p < 0.05) and no cases of hermaphroditism. There was no sexual dimorphism. Males and females showed reproductive synchrony. The reproductive cycle was continuous, with releases of gametes mainly in spring, summer and autumn. These results are similar to those found in other regions, but there was no reproductive rest period as reported for populations in higher latitudes.
Introduction
Studies on the reproduction of mollusks allow us to understand aspects of the biology and ecology of these organisms and therefore assist in the management of natural and cultured populations, as well as in the conservation of the species.
The mollusks of the family Veneridae include several species of economic interest. The reproduction of these bivalves has been studied in various places along American coasts by Loosanoff (1937) in Long Island Sound (USA); Ansell (1961) in Kames Bay, Millport (USA); Narchi (1976) in São Paulo State (Brazil); Pizarro and Cruz (1987) in Sardial, Guanacaste (Costa Rica); Grotta and Lunetta (1980) in Paraíba State (Brazil); Grotta and Lunetta (1982) in Paraíba and São Paulo (Brazil); Borzone (1992) in San José Gulf (Argentina); García-Domínguez et al. (1993) in Baja California (Mexico); García-Domínguez et al. (1994) on the Island of Espiritu Santo (Mexico); Boehs (2000) in Paraná State (Brazil); Araújo (2001) in Santa Catarina State (Brazil); Borzone et al. (2001) in southern Brazil; and Rocha-Barreira and Araújo (2005) in Ceará State (Brazil) .
The venerid Anomalocardia brasiliana (Gmelin, 1791), the Carib pointed-venus, inhabits intertidal banks and shallow subtidal areas protected from wave action and currents (Narchi, 1974) . It is a euryhaline species (Leonel et al., 1983) . Its occurrence was recorded by Rios (2009) in the West Indies, Suriname, Brazil and Uruguay. Because it is well accepted for human consumption and is easy to locate and capture, it is exploited in several places along the Brazilian coast, for both subsistence consumption and sales to the consumer market (Pezzuto and Echternacht, 1999) . In Brazil, it is known as: "berbigão", "vôngole", "mija-mija", "sarnambi", "sernambi pequeno", "samanguaiá", "chumbinho", "papa-fumo", "sarro-depito", "marisco-pedra", and "maçunim" (Narchi, 1972; Denadai et al., 2006; Farias and Rocha-Barreira, 2007; Rios, 2009 ). Although it is consumed and marketed along the entire coast of the state of Bahia (a distance of approximately 1,100 km), there are no studies on the reproductive aspects of A. brasiliana. The aim of this study was to characterize the reproductive cycle of the species in the estuary of the Cachoeira River, Ilhéus on the southern coast of Bahia.
Material and Methods
Samples of 20 specimens of A. brasiliana were taken every two weeks between August 2005 and August 2006 on a bank (shoal) located in the sandy/muddy estuary region of the Cachoeira River at coordinates 14° 48' 23" S -39° 02' 47" W. Because they are buried near the sediment surface, the animals were obtained by manual collection during low tide. Water temperature and salinity were measured at each collection, using a standard mercury thermometer and an Atago S/Mill hand refractometer, respectively. Rainfall data from this period were obtained from the Executive Commission Plan of Cocoa Farming -CEPLAC, in Ilhéus.
The laboratory processing of animals included: length measurements (anterior-posterior axis, in mm), macroscopic analysis for possible evidence of sexual dimorphism or signs of parasitism, removal of the shell, and fixation in Davidson's solution (Shaw and Battle, 1957) . After a period of 24 to 30 hours, the specimens were transferred to 70% ethanol and then subjected to routine histology, including: impregnation in paraffin, cutting of sections 7 mm thick using a microtome, staining with Harris hematoxylin and eosin (HE) and mounting of slides. A total of 478 individuals were analyzed. The material was examined under a light microscope to record the sex and stage of the reproductive cycle, based on classifications proposed by Araújo (2001) , Carpes-Paternoster (2003) and Rocha-Barreira and Araújo (2005) . The Chi-square (c 2 ) test was used to assess significant differences in sex ratio. The Kruskal-Wallis test was used to indicate possible differences in the release of gametes during the study period (significance limit: a = 0.05). Spearman's coefficient was used to establish possible correlations between the release of gametes and temperature, salinity and rainfall. All the statistical analyses were performed using BioEstat 5.0 software.
Results
The mean water temperature was 27.4 °C (SD ± 1.9; N = 25). The highest temperature ( Specimens of A. brasiliana had lengths between 22.1 and 39.8 mm (mean 32 mm; SD ± 2.9; n = 478), the range in which all organisms are considered adults, i.e., able to reproduce. No sexual dimorphism was observed. The percentage of males (M) was 41.8%, and of females (F) 51.6%, resulting in a sex ratio (M: F) of 1: 1.2 (p < 0.05). This difference was most significant in September 2005 and July 2006. In the collection of March 2006, the sex ratio was reversed, i.e., there was a higher proportion of males (Table 1) . It was not possible to identify the sex in 31 animals (6.5%). From these animals, three had undifferentiated gonads, while sexing was not possible in the 28 remaining ones due to parasitic castration by a digenean trematode.
Anomalocardia brasiliana showed continuous reproduction, with no rest period. The reproductive phases in males and females were synchronized. For males, there were two main peaks of total and partial release of gametes: in spring (September to November) and in midsummer through autumn (second half of January until late May). The most intense peak occurred during the autumn (Figure 4 ). Unlike the males, which did have a total release in some periods, the females showed complete and/or partial release with proliferation throughout the year. The main release periods in females occurred from August 2005, extending to spring, summer, autumn, and early winter of the following year, with a total elimination peak occurring (as in males) in autumn 2006 ( Figure 5 ). In Figures 6-13. Photomicrographs of Anomalocardia brasiliana gonads in the estuary region of Cachoeira River (Ilhéus, Bahia). Male at stages of: Gametogenesis (6), Repletion of Gametes (7), Partial Release with Proliferation (8) and Total Release (9). Gonads showing follicles (arrows) with spermatogenic lineage cells under development and interfolicular space (*). Females at Gametogenesis stages (10), Repletion of Gametes (11), Partial Release with Proliferation (12) and Total Release (13). Gonads showing follicles with oocytes at different maturation levels (arrows) and spaces left by the oocytes released (*). Bar: 100 mm. Staining: HE.
Discussion
As reported for the majority of bivalve mollusks (Coe, 1943; Sastry, 1979; Morton, 1991; Heller, 1993) , A. brasiliana is dioecious and has no sexual dimorphism. The absence of hermaphroditism in this population agreed with observations for this species in other parts of the coast (Narchi, 1976; Grotta and Lunetta, 1980; Boehs, 2000; Araújo, 2001; Rocha-Barreira and Araújo, 2005) . For the dioecious bivalves Tagelus plebeius (Lightfoot, 1786) (Psammobiidae) and Iphigenia brasiliana (Lamarck, 1818) (Donacidae) in the same region (Rio Cachoeira), Ceuta et al. (2010) observed hermaphroditism rates of 0.4% and 0.2% respectively, in the same period as this study. The authors considered the great variation in salinity and perhaps the effects of pollution at the site as possible causes for this. In agreement with Heller (1993) , the causes that actually determine occasional hermaphroditism in bivalve mollusks are not yet well known. The same is true with respect to differences in the sex ratio. According to Coe (1943) , males and females in similar proportions are the usual situation in marine bivalves. Morton (1991) considered that differences in the sex ratio may occur due to two main aspects: age of the organisms (since some sexual changes occur in some bivalves throughout the life cycle) and probably genetic differences between populations of the same species. In the case of A. brasiliana in the Cachoeira River estuary, the presence of a slightly higher proportion of females is similar to observations for this species in Santa Catarina (Araújo, 2001) . Studies on other parts of the Brazilian coast such as in Ceará (Rocha-Barreira and Araújo, 2005) , Paraiba Lunetta, 1980), São Paulo (Narchi, 1976) , and Paraná (Boehs, 2000) showed a predominance of males. Factors such as greater longevity (Araújo, 2001) and greater resistance to adverse environmental conditions (Coe, 1936) were considered to favor the predominance of females in populations of bivalves. On the other hand, Boehs (2000) observed a sharp drop in the number of females in the post-spawning period of a population of A. brasiliana in Paraná; she attributed this to a possible mortality related to the spawning event.
With respect to the dynamics of the reproductive cycle in marine bivalves, several studies have shown that environmental conditions determine the maturation of the gonads and the process of release of gametes (Galtsoff, 1964; Andrews, 1979; Sastry, 1979; Grotta and Lunetta, 1980; Lubet, 1996) . Among the abiotic factors that most affect the reproductive cycle of these organisms are temperature (Nascimento and Lunetta, 1978; Andrews, 1979; Grotta and Lunetta, 1982; Lunetta and Grotta, 1982) and salinity (Leonel et al., 1983; Couto, 1988) . Temperature is directly associated with the transfer of reserves stored in the digestive gland to the developing gonads and gametes, whereas this conversion is inhibited by low temperatures (Loosanoff and Davis, 1952) . This was observed in Chione pubera (Bory Saint-Vincent) in southern Brazil, where the release of gametes was related to the increase in water temperature, and gonadal reversal coinciding with lower temperatures (Borzone et al., 2001) . Temperature exerts an indirect influence on the gametogenic cycle of bivalves, because it determines the qualitative and quantitative composition of plankton and therefore the food supply (Lubet, 1959) .
The more or less constant high temperatures during the year in the studied region apparently favor the continuous reproductive cycles of marine bivalves. This was observed for A. brasiliana to the extent that only in late winter there was a decrease in gamete release, although this did not represent a reproductive rest period. Continuous reproduction with small reproductive peaks was also observed in A. brasiliana from other regions in northeast Brazil (Grotta and Lunetta, 1980; Rocha-Barreira and Araújo, 2005) . The incidence of reproductive peaks is very evident in southeast (Narchi, 1976) and southern (Boehs et al., 2008) Brazil, especially in spring and autumn. Although the reproduction of the species in these locations is still continuous, the winter period is characterized by low emission of gametes. As reported by Boehs (2000) , who studied the reproduction of A. brasiliana on the coast of Paraná, there seems to be a reproductive rest in that region, since it has always been possible to find a mature population, even in the months between major peaks. Comparing his data from Santa Catarina with those obtained by Narchi (1976) in São Paulo, Araújo (2001) noted a similarity mainly in autumn and spring. However, a reproductive rest period was evident in winter (June) and spring (August-October). In addition, Narchi (1976) recorded gametogenesis and elimination of gametes in this period. Winter and early spring in Santa Catarina state were also characterized by the lysing of residual female gametes and by the presence of phagocytes in the male follicles (Araújo, 2001 ). Comparing two geographically separated populations, one from the coast of São Paulo (tropical transition) and the other from Paraíba (tropical), Grotta and Lunetta (1982) concluded that there was variation in the duration of the reproductive period. The population in São Paulo had continuous reproduction with evident peaks, whereas the one in Paraiba was characterized by continuous reproduction without major peaks. These results agree with conclusions by Boehs (2000) and other authors (Feder et al., 1979; 1Borzone, 1992; Martínez-Córdova, 1988; Garcia-Domingues et al., 1993) : Reproduction in marine bivalves tends to be continuous with small peaks in tropical regions, whereas a reduction in the spawning period occurs at higher latitudes, where temperatures rise in only a few months of the year. With respect to salinity and rainfall, Couto (1988) found a relationship between events of the reproductive cycle and salinity for the bivalve Iphigenia brasiliana in other locations in northeast Brazil. In this study, there was no clear evidence of a correlation between the reproductive cycle of A. brasiliana and these factors.
The existence of reproductive synchrony between males and females in the population studied here, has been previously observed by Rocha-Barreira and Araújo (2005) in Ceará. It was observed in this study that females had a high total release of gametes (observed by nearly empty gonads), while the total elimination was less prevalent in males than the partial elimination with proliferation. According to Grotta and Lunetta (1980) , spermatogenesis in bivalves is a more rapid process than oogenesis, since more reserves must be mobilized to synthesize yolk for oocytes, requiring more time during the maturation of females.
